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ABSTRACT
The effect of manipulation of a speaker’s voice as
well as exposure to a native speaker’s utterance was
investigated regarding the pronunciation of stops by
German learners of French. Three subject groups,
a Control (CG), a Manipulation (MG), and a Native
Speaker (NG) Group, were recorded on two subse-
quent days. The MG was presented with a manipu-
lation of their voice on the second day and the NG
listened to a native French speaker, while the CG did
not receive any feedback. Results show that speak-
ers of the MG and NG were able to extract useful in-
formation from the respective feedback and success-
fully adapted to it. Participants were able to reduce
their voice onset time values, although speakers of
the NG reduced it to a greater extent.
Keywords: non-native speech, French, German,
feedback, stops.
1. INTRODUCTION
Speaking a foreign language calls for more than in-
depth knowledge of grammar or vocabulary. How-
ever, this concept of language learning seems to
represent the general state of thinking considering
most second language (L2) teaching. Many L2 class
rooms show only minimal effort to teach correct pro-
nunciation or include specific pronunciation tasks to
make learners aware of their problems and devia-
tions [10, 18]. Since a poor pronunciation will make
it harder to be understood by interlocutors [13] a
special focus on pronunciation in L2 teaching is cru-
cial. However, visualizing and explaining pronunci-
ation problems sufficiently is a challenge for teach-
ers. It is also problematic for the learners to perceive
their own mistakes or deviations from the native pro-
nunciation [1, 8]. This is especially true if phonetic
and phonological knowledge of the native language
(L1) interferes with the phonetic and phonological
system of the foreign language [1, 8, 9]. As a rule,
a learner is challenged by several phonological and
phonetic differences between L1 and L2.
However, the attitude towards pronunciation
teaching seems to change. The development of
computer-assisted language learning (CALL) and
especially computer-assisted pronunciation training
(CAPT) systems has received increased interest over
the years (e.g. Euronounce [6], Dutch-CAPT [14]).
It was shown that feedback helps to improve pro-
nunciation in a foreign language (e.g. [16]) although
shortcomings of current CAPT systems are still
characterized by the lack of good feedback [7].
An overview of several CAPT systems shows a
variety of visual (e.g., vocal tract, waveform, articu-
lation scores, pitch curve) and/or auditive (e.g., ref-
erence speaker, resynthesis of voice) feedback meth-
ods in order to display pronunciation errors (e.g.
[6, 11, 14, 16]). Yet, some systems use feedback
methods that are difficult to interpret (e.g. [6, 11]),
such as waveforms, which might give the wrong im-
pression that the learner’s oscillogram has to look
exactly like the waveform of the native speaker [15].
Manipulation of the learner’s voice seems to be
an efficient feedback method from which learners
are able to extract useful information. Bissiri and
Pfitzinger [2] investigated the effect of resynthesis of
the learner’s own voice on learning lexical stress in
German by Italian native speakers and showed that
resynthesis has a motivating effect.
The aim of this paper is to test the influence of
altered auditory feedback of a learner’s own voice
on the production of French stops by German native
speakers. Since learners have difficulties perceiving
their own mistakes and their deviations from a native
pronunciation [1], exposure to a native speaker’s ut-
terances was also tested.
German and French mark the distinction between
voiced and voiceless stops /b d g p t k/ differently.
French speakers differentiate between fully voiced
plosives and voiceless unaspirated ones with a rather
short Voice Onset Time (VOT). In contrast, German
shows a distinction by voiceless unaspirated plosives
with a short VOT and voiceless aspirated ones with
a long VOT [12]. As a consequence of these differ-
ences, learners of German and French, respectively,
are expected to transfer the phonetic knowledge of
their native language to their production in the L2.
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2. EXPERIMENT
The effect of manipulated feedback of a learner’s
voice and exposure to a native speaker’s utter-
ances was investigated regarding the pronunciation
of stops by German learners of French. The expe-
riment involved three subject groups. A Control
(CG), a Manipulation (MG), and a Native Speaker
(NG) Group were tested for a set of French and
German sentences containing minimal pairs con-
trasting in word-initial stops. The CG subjects did
not receive any feedback whereas the MG subjects
were presented with their own manipulated voice
throughout the experiment. The NG subjects lis-
tened to utterances of a French native speaker (fe-
male, 28, Strasbourg) who also served as the golden
speaker for later comparisons.
Each experimental group consisted of ﬁve female
and ﬁve male native German speakers (19-38 years,
M: 23.7 years, SD: 3.9 years) with basic knowledge
of French (A1-A2 level according to the Common
European Framework of Reference for Languages:
Learning, Teaching, Assessment (CEFR)). All par-
ticipants were students at Saarland University.
2.1. Materials
For each sound contrast (/b-p/, /d-t/, /g-k/), seven
French minimal pairs differing in syllable-initial
position were embedded in a short sentence. These
experimental targets were all nouns preceded by [e]
(e.g. les) to ensure a consistent preceding segmental
context. Furthermore, the stops of interest were
directly followed by a vowel (see examples (1) and
(2) for the contrast /g-k/ in French).
(1) Les cages a` oiseaux sont tre`s petites.
(The cages for birds are really small.)
(2) Les gages sont paye´s a` la ﬁn du mois.
(The wages will be payed at the end of the
month.)
To facilitate a cross-language comparison, the
same number of minimal pairs was recorded by the
same learners for German. Each target word was
preceded by [@] (e.g. weiße) (examples (3) and (4)).
(3) Der weiße Guss auf dem Kuchen ist lecker.
(The white icing on the cake is delicious.)
(4) Der erste Kuss ist etwas Besonderes.
(The ﬁrst kiss is something special.)
In addition to the experimental targets, four train-
ing targets for each stop in both languages were in-
cluded. Training targets began with a stop and were
Table 1: Number of German and French sen-
tences included in the study.
experimental training ∑
French 42 24 66
German 42 24 66
followed by a vowel but were not minimal pairs. The
complete set of French and German sentences (Ta-
ble 1) was recorded by all three groups.
2.2. Manipulation
Manipulation was carried out manually and per-
tained only to the duration of VOT. Since German
speakers differentiate between voiceless unaspirated
stops with a short VOT and voiceless aspirated stops
with a long VOT, subjects most likely show a longer
VOT for French plosives than French native speak-
ers. Therefore, VOT had to be shortened based
on values of a French reference speaker (golden
speaker). Manipulation was carried out for the train-
ing set of sentences and was only applied if the as-
piration was longer than the golden speaker’s.
It can be argued that not only length of VOT is
crucial for the production and perception of voiced
and voiceless stops since in contrast to German,
French voiced stops are characterized by a fully
voiced closure. We decided against a manipulation
of phonation of the closure. It is not straightforward
to modify the signal to become voiced. A modiﬁca-
tion of the phonation is technically challenging and
often yields unsatisfactory perceptual results. Pre-
serving the natural stimulus quality was deemed to
be of higher importance.
2.3. Procedure
Recordings took place on two subsequent days.
They were made in quiet ofﬁce rooms using a head-
mounted microphone (16 kHz, 16 bit) on a M-
AUDIO Fast Track USB device. Recordings were
saved on a Windows Laptop using a custom-made
software that was developed at LORIA ("Corpus-
recorder", [5]). The sentences were presented to
each speaker in a randomized order.
On the ﬁrst day, German and French utterances
were recorded as a baseline for later comparisons.
The second recording session on the subsequent day
differed for the three groups (Figure 1). The CG sub-
jects were asked to read the set of French sentences
from the previous day once again without receiving
any additional information or feedback on their pro-
nunciation. For the MG and NG, the structure of
the recordings was modiﬁed. They received auditory
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Figure 1: Overview of the study’s procedure.
feedback, either a manipulated version of their own
recording (MG) or a native French utterance (NG),
and had to record the sentences again. To ensure that
the subjects did not simply imitate what they heard
but were able to transfer knowledge obtained from
the feedback, the recording session was divided into
a training and a transfer block.
In the training block, four training targets embed-
ded in a sentence had to be imitated twice. Subse-
quently, participants moved on to the transfer block
where they were asked to produce sentences includ-
ing the experimental targets without any additional
auditive presentation. Participants only worked on
one stop at a time to allow them to develop a spe-
cific strategy and concentrate on it.
Since feedback is only useful if sufficient in-
formation is provided [4], the focus on stops was
pointed out to the subjects before the second record-
ing and target words were highlighted. Subjects
were also generally informed that there is a differ-
ence between the pronunciation of French and Ger-
man stops.
2.4. Hypotheses
The following predictions were made for VOT:
1. There is no significant difference between the
first and second recordings for the CG sub-
jects. Improvements from repetition only are
expected to be small.
2. VOT values of the second recording will be sig-
nificantly shorter than in the first recording for
the MG and NG subjects due to an improve-
ment induced by auditory feedback.
3. VOT in the second recording does not differ
significantly from the French reference speaker
for the MG and NG subjects.
Table 2: Mean VOT values (ms) of the experimen-
tal groups for the first and second French record-
ing and reference values of the golden speaker
Rec 1 Rec 2
Control voiced 15 15voiceless 49 46
Manipulation voiced 13 13voiceless 54 47
Native Speaker voiced 11 12voiceless 51 38
Golden Speaker voiced 3voiceless 30
3. ANALYSIS AND RESULTS
Duration of VOT was labeled using Praat [3]. The
VOT of fully voiced stops, which is defined by neg-
ative VOT values, was represented by 1 ms for con-
venience and later treated as 0 ms in the analysis.
VOT values were analyzed using JMP [17]. Over-
all 119 values were excluded because the speaker
showed a hesitation while producing a stop or failed
to produce the target sound. Subsequently, values
were entered into a linear mixed model with VOT
as the dependent factor, SPEAKER and ITEM as ran-
dom factors, GENDER, MATERIAL (training/transfer
targets), FOLLOWING SOUND, and a combination
of GROUP (Control/Manipulation/Native Speaker),
TEST (first/second recording), LANGUAGE (French
vs. German), and PHONATION (voiced/voiceless) as
independent factors.
The results of the statistical analysis indi-
cated no main effect of GENDER (F(1,26.13)=0.65,
p=0.4271), which confirms the overall expec-
tation that the articulation of plosives is not
gender specific. MATERIAL showed no effect
(F(1,334.8)=1.05, p=.3068), which indicates that
targets of the training (imitation) phase did not dif-
fer from the targets of the transfer phase. There-
fore, if participants were able to imitate the manip-
ulated or native stops, respectively, they were also
able to transfer this production strategy to the ex-
perimental targets. FOLLOWING SOUND showed
a significant influence on VOT (F(13,94.99)=3.31,
p<0.001). The factor combination showed a main
effect (F(19,543.2)=49.55, p<0.0001). Student’s t-
test were carried out to take a closer look at specific
contrasts.
Firstly, no significant differences were found for
the first recordings by the three experimental groups
for either voiced or voiceless stops, which facilitates
a comparison across subject groups. Comparing the
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Figure 2: VOT values of voiced and voiceless
stops for the first and second French recordings.
Figure 3: VOT values for voiceless stops of the
second French recording in comparison to the
golden speaker.
performance of the first and second recording, a sig-
nificant reduction for VOT was found only for voice-
less stops for all three groups (Figure 2). The mean
VOT values in Table 2 indicate that the reduction
for CG amounts to only 3 ms whereas the difference
for MG and NG is 7 and 13 ms, respectively. It is
doubtful that a reduction of 3 ms is sufficient for a
noticeable perceptual effect.
A comparison of voiceless stops of the second
recording showed that only speakers from the NG
group managed to reduce their VOT to a level that
is not significantly different from that of the golden
speaker (Figure 3).
Due to space limitation a comparison of German
and French productions is not included here.
4. DISCUSSION
This study examined the influence of two auditory
feedback methods on improving the pronunciation
of voiced and voiceless stops of German learners of
French. It was shown that the manipulation of the
speaker’s voice, here the reduction of VOT, had a
motivating effect on the production of these sounds
(MG subjects). The improvement was only effec-
tive for voiceless but not for voiced stops. The same
finding holds for the exposure to utterances of a
native French speaker (NG subjects). Again, par-
ticipants were able to reduce the duration of VOT
and even more so than the Manipulation Group.
A comparison of the Native Speaker Group with
the golden speaker showed no significant difference.
This demonstrates the benefit of being exposed to
native productions, since learners were able to re-
duce VOT to the level of a native speaker while
speakers of the Manipulation Group failed to do so.
It is striking that for both feedback methods, the
training and transfer phase for each stop was quite
short. Only four imitation and seven training targets
were included. Even with such few training targets
an improvement for voiceless stops was observed. It
would be interesting to examine the strength of this
effect while training for a longer time and with more
training targets.
However, auditory feedback only improved the
pronunciation of voiceless but not voiced stops. It
might be argued that manipulation of VOT is not
a sufficient method. But then, exposure to native
speech also failed to show an effect for improving
the pronunciation of voiced stops, although it com-
prises more pertinent information than only VOT
duration. It is unclear whether learners are not able
to perceive the differences or whether they are not
able to apply the knowledge extracted from the na-
tive utterances. To examine this question, a high-
variability study is currently under way in which
learners train the perception of stops. It might also
be advantageous for the learner to be exposed to
more than one native speaker.
We also intend to perform a perception experi-
ment to verify whether French native speakers actu-
ally perceive the reduction in VOT as a more French-
like production.
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